The classic way of treatment of tibial plateau fractures with an extensive approach, opening of the knee and compressive internal fixation can lead to major complications such as infection, skin necrosis and knee stiffness. Here we present a less invasive and thus safer surgical technique, and its indications and results. Twenty patients with various types of fractures according to Schatzker's classification (mainly V and VI) were treated during a time period of seven years. Surgical treatment usually consisted of a combination of percutaneous canulated screws with a hybrid external fixator. In three cases canulated screws were combined with a laterally applied anatomic locking plate. Patients were followed up for six months to three years postoperatively. Indications as well as intra and postoperative parameters such as surgical time, stability of fixation, blood loss, wound healing, infection, fracture healing and final result were studied. No major complications were recorded either early or later. The use of external οr less invasive internal fixation in combination with percutaneous canulated screws appears to be an adequate method for the treatment of most types of these fractures.
by dissociation of the shaft from the condyles. Open management of these fractures, especially those classified as Schatzker VI, is usually followed by severe damage of the soft tissues, which may lead to wound complications after internal fixation [1] - [3] . The use of an external hybrid ring fixator in those trauma situations is especially attractive for six basic reasons: less damage of anatomical structures (the fracture is aligned and stabilized without extensive soft tissue dissection), sufficient access for debridement and other procedures, mechanical effectiveness of the fixation, minimal loss of average of joint motion, early weight bearing and overall less complications [4] . Furthermore, in cases where a hybrid fixator cannot be used, a combination of canulated screws with a lateral anatomic locking plate applied, according to the rules of less invasive internal fixation, can be a good option [5] .
Patients and Methods
Between 2006 and 2013, we treated twenty patients (fifteen men and five women-mean age forty years old) with various types of fractures according to Schatzker's classification. Ten fractures were type VI, five were type V, three type IV and two type II. There were 4 open and 16 closed fractures. Open fractures were classified according to the criteria of Gustillo, three open fractures were classified as type II and one as type III a. All open fractures were treated with immediate irrigation and debridement. There were no cases with vascular damage in this series, but two suffered of peroneal nerve neurapraxia that recovered spontaneously. Ten fractures were operated on within eight hours after admission, six within the first 48 hours and 4 patients that suffered of excessive edema were operated on six days after admission. In the meantime, the limb was kept elevated in a plaster back slab and closely inspected. In all patients low molecular weight heparin was commenced on admission and continued for one month postoperatively.
Operation was performed under epidural anesthesia. Preoperative assessment of radiographs and computerized tomography scans helped us achieve a good perspective of the fracture components. A tourniquet was applied only if the open method was to be used. Initially, when necessary, the knee hematoma was aspirated. Operation was then carried out under II control and always started with the application of one or more 6.5 millimeter canulated screws with washers, usually from the lateral side, parallel and as close to the articular surface as possible. At this stage, if needed, the articular surface was elevated by the use of a guide pin. Thus, the tibial plateau were reduced and compressed. Fixation was then completed with application of a hybrid external fixator (bridging the knee if required) or less invasive internal fixation with a limited lateral approach and an anatomic locking plate. Manual traction and various instruments (an owl or a large tenaculum reduction forceps or a tractor or use of a k-w like a joystick) were used to reduce the condyles [6] . Varus or valgus angulation was assessed very carefully and corrected. We did not perform ligament or meniscus repairs. All fractures were reduced with the knee closed. In case of instability, the knee was bridged with an extension of the hybrid to the lateral side of the femur [7] . We used a full ring, parallel to the articular surface and centered over the tibia, allowing close to 90˚ of knee flexion. We always applied two wires forming an x in axial viewing. These wires were placed within anatomically safe zones at the typical positions (posterolateral to anteromedial tibia through the head of the fibula and anterolateral to posteromedial). Then a third wire was inserted, usually between the first two and parallel to the articular surface in the AP view, but occasionally parallel and above the second one.. If an olive wire were used, it was inserted until the olive contacted the bone surface to apply extra compression. The wires were then fixed to the ring and tensioned. Three peripheral pins were applied, the fixator mounted and the fracture finally manipulated, reduced and stabilized (Figures 1(a) 
-1(d), Figures 2(a)-2(d)).
In three of our cases a hybrid fixator could not be used because of previous tibial shaft fractures that had been treated with open reduction and internal fixation-the presence of metal ware forbidding application of peripheral pins. In these cases, we chose to combine canulated screws with an anatomic lateral plate. Here, the canulated screws were applied open, through a lateral incision, but extremely close to the articular surface to allow correct positioning of the anatomic locking plate. The knee was once more not opened and the plate applied to unite the condyles to the shaft. Careful correction of varus-valgus malalignement and accurate canulated screw positioning were always checked with the II (Figures 3(a)-3(d) ).
All patients received prophylactic antibiotics for 48 hours. In open fractures this was prolonged to 72 hours. All limbs were elevated until swelling had subsided. Passive motion physiotherapy was started on the third postoperative day. Hospitalization was between six and fourteen days. Weight bearing started progressively after the 6th week with the appearance of callus and was usually allowed free after the 8th week. The fixator was removed after complete fracture healing was confirmed, both radiologically and clinically. All fractures had united between the 12th and 16th postoperative week, at which time vigorous physiotherapy to achieve full range of knee motion was advised. Patients were usually discharged six months postoperatively.
Results
The study included patients from three different hospitals (two of the third level and one of the second level), and was approved by the hospitals. All patients were operated on by the same surgeon and all of them were investigated retrospectively. Mean surgical time was 75 minutes (1 -2 hours). In all cases blood loss was minimal and no blood transfusion was required because of the tibial fracture. In the three cases treated with a plate, the skin healed uneventfully. In two cases of open fractures, final skin wound closure was delayed and performed safely on the fifth postoperative day. No serious infection was observed. There were two cases with superficial pin tract infections, treated with local debridement and oral antibiotics. Two peroneal nerve palsies due to original trauma recovered on their own between three and six months after the accident. After reduction and placement of the fixator, an intra-articular gap or step-off usually existed, that averaged four millimeters (between 0 and 6 mm). Alignment of the shaft was within 6 degrees of the neutral. The average duration to union was from in twelve to sixteen weeks. After removal of the external fixator, there was no late tibial angulation. The average follow-up was two years (six months to three years). Radiological findings of osteoarthritis were frequent, even during the period of full recovery (narrowing of the joint space and osteofytes). We examined mediolateral stability applying varus and valgus stress with the knee in full extension and in 20 degrees of flexion and assessed anteroposterior stability with the Lachman test. Results were compared to those of the contralateral leg. The active and the passive range of motion were measured with a goniometer. All knees were grossly stable in the medio-lateral examination even those suffering of an injury of the medial collateral ligament that had required bridging of the knee. Anteroposterior instability though, was quite frequent with a positive Lachman test for three, posterior drawer for one knee and one with hyperextension of 5 degrees. Average knee motion was between −5˚ (0 to −10) of extension and 110˚ of flexion (100 to 120). All three knees that were treated with the open technique, scored above average. Pain was not a major problem as no patient changed his occupation and habits because of it.
Discussion
The purpose of this study was to investigate whether our methods of less invasive treatment of severe tibial plateau fractures were as effective as the traditional ones. If such was the case, we thought that our approach would compare favorably to them, because it caused less damage to the anatomical structures, provided sufficient access for debridement and other procedures together with a mechanically effective fixation, allowed minimal loss of joint motion with early weight bearing, and overall caused less complications [8] [9] . Traditionally, open reduction with restoration of the articular surface has been the most common treatment for displaced fractures of the tibial plateau [10] - [12] . Later on, hybrid or Ilizarov ring fixation has been introduced and extensively studied for the treatment of such fractures [4] [9] [12] . On the contrary, only a handful of studies have recently described the combined usage of hybrid external fixator and minimal internal fixation with canulated screws as well as the combined use of an anatomical plate with canulated screws [13] - [17] . We used canulated screws together with a hybrid ring fixator or, if this was not possible, with an anatomic plate for reduction and adequate fixation. Common partially threaded cancellous screws can be used, but placement of canulated screws offers safety and precision. External fixation offers an atraumatic approach for the treatment of these severe fractures whereas a laterally applied anatomic locking plate offers the least invasive option available. In both cases treatment of the articular surface is with closed reduction and canulated screws, a technique that is well accepted in the literature [18] . The metaphyseal and diaphyseal portion of the fracture can then be reduced and fixed with either external fixation or minimal internal fixation [19] . Collection of data from series mainly comprising severe fractures has shown that our results compare well both with published reports of more traditional methods [2] [25] . When compared to the classical unilateral fixator, the hybrid fixator is considered better because it provides greater stability and allows for better purchase on small bone fragments [8] [13] . Additionally, canulated screws are impossible to be put properly together with half pins. Furthermore, the studies by Watson et al. [26] and Ali et al. [27] have shown the hybrid external fixator to be equal biomechanically to dual plating. A disadvantage of this technique is the difficulty to reset pieces of bone in the articular surface. Also, central depressions are difficult to reduce, turning the method inappropriate for the treatment of Schatzker type III fractures [6] . Indeed, in some of our patients, reset of the articular surface was difficult, ending to postoperative gaps or steps that were usually within acceptable limits. It is most important though to understand that we cannot be certain with the relationship between the quality of radiographic reduction or radiographic findings of osteoarthritis and the occurrence of clinically significant post traumatic osteoarthritis [6] [16] [17] [28] . Adding to that point Mattiassich et al. [29] have suggested that short term FU has little prognostic value with regards to future osteoarthritic changes , and Ahearn et al. [16] show that ORIF with locking plates has similar radiographic results compared to hybrid fixation with limited osteosynthesis.
Early and full weight bearing is a new dimension of comfort and freedom and some patients have been able to return to demanding occupations with the fixator in place. Once the patient was bearing full weight, load transmission across the fracture was progressively increased by liberating the compression mechanism of the device. Thus bone healing was accelerated.
Conclusion
The combination of an external ring hybrid fixator or less invasive internal fixation with canulated screws successfully stabilized severe fractures of the tibial plateau with limited approaches and led them to safe healing without bone grafting and without complications. The number of patients in this series was small. Excellent functional results though, with low rate of complications, together with strong literature evidence [9] [16] [18] - [22] [30] sup-port our belief that the use of external οr less invasive internal fixation in combination with percutaneous canulated screws is an adequate method for the treatment of most types of tibial plateaux fractures.
